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Introduction
hen studying the oligopolistic market in the framework of the classical models [1] - [3] , besides the questions of an equilibrium existence and its computation, a lot of attention is usually paid to comparing the latter with the equilibrium in the perfect competition model. Recently [4] - [5] , both models were included in a united class of oligopoly models where the degree of influence on the whole situation by each agent is modeled by some special parameters (influence coefficients). If we set these influence coefficients in an exogenous way, then the demand structure does not affect the production regime, i.e. the dependence of output values upon the market price. Although a deformation of the demand curve leads to a variation of equilibrium, the possible modeling of the deformation influence in such models is limited. For example, it is difficult to trace a rapid (or even jump-like) variation of the market price, a stable price under the demand growth (within certain limits), and a series of other phenomena.
However, if one does not consider the influence coefficients as given beforehand but includes them in the definition of the equilibrium itself, together with the equilibrium price and production volumes, one obtains a possibility to simulate the above-mentioned effects. Such a notion of equilibrium was introduced in the paper by V.A. Bulavsky [6] . There, the influence coefficients are determined by a special verification procedure that checks their consistency. The procedure in [6] supposes that each agent can observe the variations of the aggregate production output as a response to his own output variations and thus estimate his influence. The choice of the aggregate production volume as the observed parameter was done due to the fact that the classical Cournot model was taken as the basis of the developed model. Nevertheless, one can assume that it is more natural to observe the market price instead of the aggregate output, and hence estimate each agent's influence upon the price. Such an approach is developed in papers [7] and [9] , which allowed to relax the conditions imposed on the demand function and keep on in essence only one of them, namely its being non-increasing when the price increases. A technical condition for the latter function of being piecewise smooth is also kept valid.
In such a framework in [7] and [9], the equilibrium existence was established, and certain consequences of the demand structure variations were examined. Namely, two types of variations were illustrated. The first one is related to the fall down of consumption ability of one group of consumers with the consumption ability of another group of consumers kept intact. It turned out that the proposed model predicted three stages of the process: (i) the price going down with the aggregate production output kept constant, (ii) the price going down further with the simultaneous production decreasing and a deficit arising, (iii) and at last, a sharp jump of the price without production growth, and the deficit disappearing on account of the poorer consumers abandoning the market.
In the paper, we apply the mathematical model from [7] , [9] to an electricity market in which every firm producing the electricity may have several generating units. Therefore, their total production cost function is formed by minimizing the total production cost. The model is specified in the next section. We prove the existence of exterior equilibrium and illustrate that by simple examples. Then by approximating thus obtained piecewise linear total production cost function by a special quadratic function, we are able to introduce the notion of interior equilibrium and realize the qualitative analysis of the interactions between the active demand and the equilibrium values.
Model Specification
Consider 3  n firms-producers of the electric power numbered by 1 i , ,n  , and 12 i j , , , n  denote the generating units owned by firm i. We also introduce the following exogenous variables, decision variables, and profits, similar to those in [8] : 
That is, inequalities (1) model the generation requires to meet demand by adjusting the amount of electricity produced by each generating unit by a loss factor LOSS .
The reserve ratio constraints, inequalities (2), require each firm to maintain a spinning reserve to satisfy regional reliability requirements. Every firm that generates electricity is required to preserve capacity up to a set percentage of electricity it generates   ij RES _ RATIO .
The generation capacity constraints, equations (3), ensure that the sum of the electricity produced by each unit ij x and the capacity used as spinning reserve ij xr does not exceed the adjusted total capacity ij CAP of the unit.
To account for unscheduled maintenance and outages, ij CAP is adjusted to expected capacity by using the forced outage rate ij FOR specific to that unit. The ij FOR represents the probability of an unplanned outage in any given hour for that unit.
Now we denote by i q the total output of electricity by firm i , that is,
and introduce the cost functions 
The following result is a direct consequence of the Linear Programming Sensitivity Analysis. 
In a sense, condition (9) determines an optimal response of firm i to a given price p . 
It is not difficult to verify that we thus obtain the following piece-wise linear function: 
The latter construction is well-defined, as it is shown while proving Lemma 1 that To examine the existence of an equilibrium, we introduce some standard assumptions.
A1. The demand function is defined for prices
  0 p,   being a non-increasing and piecewise continuously differentiable one. At each of the finite number of discontinuity points there exist left-and right-hand limits of both the function itself (due to its monotonicity) and its derivative.
In what follows we are going to consider only the case when the participants set is constant independently from the values i v of the influence coefficients. To provide for that we make the following assumption, similar to that in [7] and [9] . 
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For an exterior equilibrium to exist, it is crucial that the active demand D satisfy the following assumption.
A3. There exists a price value
Assumption A3 provides for existing the production power enough to satisfy the cumulative demand, given the active demand D . Now, similar to [7] and [9], we can establish the following result. 
Interior Equilibrium
In order to introduce an interior equilibrium, we have to be able to realize the procedure of verification of the influence coefficients i v as it was given in [6]-- [7] , [9] . However, we cannot apply this procedure to our electricity model as the cost functions are piecewise linear (cf. Lemma 1 and Example 1) and hence their second derivative either is zero or do not exist (at the junction points). To be able to verify the influence coefficients, we use a least squares approximation of the piecewise linear cost function i f by a quadratic cost function i φ , 12  i , , ,n , as follows. 
Problem (14) always has a solution. One of the producers, say k, temporarily changes his behavior by abstaining from maximization of the conjectured profit and making small fluxions around his equilibrium output volume k q . In mathematical terms it is tantamount to restricting the model agents to the subset k i  with the volume k q subtracted from the active demand. Variation of agent k production output is then reduced to the same absolute value variation (but to the opposite side) of the active demand
. If we consider these variations being infinitesimal, we assume that by observing the corresponding variations of the equilibrium price, agent k gets the left-side and right-side derivatives of the equilibrium price with respect to the active demand, i.e. his left-side and right-side influence coefficients. 
Demand Structure and Equilibrium
This section examines how variations of the demand structure affect the equilibrium price and the aggregate electricity output. We are mostly interested not in quantitative variations but the qualitative ones predicted by the above introduced model. Although Theorems 1 and 2 of the existence of equilibrium are valid in the more general case of piecewise quadratic cost functions, to understand the analysis better, we will first consider pure quadratic cost functions, as in [7] .
Hence, recall again that we use the approximating quadratic cost functions of the form   If the consumption ability of the first group recovers, the process is not reversed completely (if no special extraneous efforts are made).
Conclusion
The qualitative analysis of the equilibrium behavior in dependence on the active demand level for the electricity market model is realized based upon that performed in [7] and [9] for the case of pure quadratic ( [7] ) and piecewise quadratic ([9]) cost functions. The model in question necessarily has piecewise linear cost function. Such cost functions arise often when the model agents have several distinct production facilities among which they have to distribute the production volume so that the total cost be minimal. Therefore, to introduce the notion of interior equilibrium, we have to approximate these piecewise linear cost function by pure quadratic ones. For thus introduced pure quadratic approximating cost function, we are able to realize the qualitative analysis of the behavior of electricity prices and production outputs for the electricity market model. 
